Abstract. The flow of thin liquid layer on an inclined substrate is investigated numerically. The mathematical modelling is based on the Oberbeck-Boussinesq equations and the generalized conditions on the thermocapillary boundary simplified during the parametrical analysis. In the framework of the long-wave approximation the evolution equation which determines the thickness of the liquid layer in the case of moderate Reynolds numbers is derived. The results of numerical modelling of the liquid flow with evaporation at the interface are obtained.
Introduction
A large number of both theoretical [1] [2] [3] [4] [5] and experimental investigations [6] are devoted to the study of viscous incompressible fluids with evaporation. The interest to such currents is caused, in particular, by the wide possibilities of their practical application in modern industrial processes. Great attention is paid to the thin liquid films. The mathematical models of the flows in the thin layer approximation and their numerical study are presented in [1] [2] [3] [4] [5] [7] [8] [9] [10] . Special attention while modelling of the flows with interfaces should be given to the formulation of the boundary conditions [11] [12] [13] .
In this paper we study the flow of a thin layer of viscous incompressible liquid with evaporation on the thermocapillary boundary. The motion of the liquid is accompanied by a co-current gas flow. The mathematical modelling is based on the long-wave approximation of the Oberbeck-Boussinesq convection equations and the generalized kinematic, dynamic and energetic conditions at the interface [11] [12] [13] . The evolution equation, determining the liquid layer thickness, is obtained when the effects of gravity, evaporation, capillarity, thermocapillarity and additional tangential stresses from the gas medium are taken into account (see [7] [8] [9] ).
The problem statement. The evolution equation of the liquid layer thickness
The thin liquid layer flow on an inclined, non-uniformly heated solid substrate in a twodimensional case is investigated. Let the coordinate system be chosen so that the x-axis coincides with the direction of the substrate (see fig. 1 ). The position of the thermocapillary interface is determined by the equation z = h(x, t), the solid plate is given by the equation z = 0. During the mathematical modeling of the investigated process two characteristic length scales are introduced: the transverse -d and the longitudinal -l, the ratio of the first to the second is the small parameter of the problem ε (ε=d/l). The one-sided model is based on the Oberbeck-Boussinesq equations [9] . The generalized kinematic, dynamic and energetic conditions at the thermocapillary interface after the parametric analysis in dimensionless form can be written as follows:
,
Here v=(u, w) is the velocity vector; p is the pressure; T is the temperature; J ev is the local mass flux at the thermocapillary interface, E=κT * /(λ U ρν) is the evaporation coefficient, κ is the heat conductivity coefficient, λ U is the latent heat of vaporization, ρ is some relative value of liquid density, ν is the kinematic viscosity coefficient, Т * is the characteristic temperature drop;
, where Ma=σ T T * l/(ρνχ) is the Marangoni number, Ca=u * ρν/σ 0 is the capillary number, Pr=ν/χ is the Prandtl number, χ is the thermal diffusivity coefficient, σ T is the temperature coefficient of surface tension, σ 0 is the value of the coefficient of surface tension σ at the same temperature (σ=σ 0 -σ T (T-T 0 )), ( , ) | ( ) sin 0. 6
Here γ 1 =Gr/ε; γ 2 =Gr; Gr=d 3 gβT * /ν 2 is the Grashof number, β is the thermal expansion coefficient,
, α А is the accommodation coefficient, ρ s is the vapor density, J * is the characteristic value of the vapor mass flux, М is the molecular weight, R g is the universal gas constant, T s is the saturated vapor temperature. Functions A, C0 and C1 are determined by the following relations:
The implicit finite-difference scheme, where the finite-difference analogs of the secondorder approximation are used for all derivatives with respect to x, for the numerical solution of the equation (2) is constructed. The problem is supplemented by periodic conditions at the ends of the studied area x = L, x = -L and the initial position of the interface [10] .
The results of numerical investigation
The results of numerical modelling of the thin layer flow of the liquid type as ethanol with consideration of the evaporation process in the conditions of normal gravity (g=9.81·10 Figure 2 shows the influence of the effects, taken into account in the study of the layer dynamics, on the boundary position. The angle of the heated substrate inclination relative to the horizon α is π/6 (see figure 1) . The coefficient 6 case (lines 1 and 3 of the figure 2). In cases when 3 0 E z (lines 1 and 3 of the figure 2) the heat loss on the deformation of the interface as the result of the liquid evaporation are taken into account. If the term in the energy condition with a coefficient 2 E is assumed unequal to zero than the consumption of energy required to overcome the surface deformation by the thermocapillary forces along the surface is taken into account (see lines 2 and 3 of the figure 2) [13] . Note that the most intense evaporation of the layer is observed when both the considered effects are assumed.
